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Using the indirect immunofluorescence technique no 
differences were observed in intensity of staining when 
antisera against Pityrosporum orbicutare and P. ovale or 
lgG fractions of these were incubated with P. orbicutare 
and P. ovate cells. However, a weaker reaction was ob-
served with these antisera and P. pachydermatis cells. 
With IgG fractions the nonspecific fluorescence was min-
imized. Fungal cells in biopsies from tinea versicolor 
les ions showed a brilliant staining with the IgG fractions 
of antisera against P. orbiculare. 
This investigation indicates a close antigenic relation-
ship between all of the 3 Pityrosporum species. A com-
mon antigenicity was found between P. orbicutare and 
P. ovate cells as well as between P. orbicutare cells from 
culture and the fungal cells in biopsies from tinea v e rsi-
color lesions·. 
This strongly suggests that these 2 species are identi-
cal with each other and with the organism found in 
tissue. 
Genu~ Pityrosporum includes Pityrosporum orbiculare, P. 
ovale, a nd P. pachydermatis [1]. The lipophilic yeasts P. orbi-
culare and P. ovale are both members of the normal human 
cutaneous flora [2-4]. P. orbiculare is not only a saprophyte 
but also the etiological agent of tinea versicolor [1 ,5,6]. P. ovale 
has also been cultured from tinea versicolor lesions [7] but it is 
still, by the majority of workers in this field, regarded only as 
a saprophyte [8-10]. P. pachydennatis does not need lipids for 
growth and it is found primarily in animals, although it has 
been cultured from huma ns [3]. 
During recent years the identity of P. orbiculare a nd P. ovate 
has been discussed. The morphology of P. orbicu.lare in culture 
has been reported to change from globose to oval forms [11]. 
Identical hyphae of P. orbicu.lare and P. ovate have been 
produced in vitro [12) and antigenic similarities in P. orbicu.tare 
and P. ovate have been reported [13-15]. Also, differe nces 
between P. orbicu.lare a nd P. ovate in micromorphology [16], 
production of h yphae in vitro [17], and antigenicity [18,19] 
have been reported. Earlier immunological studies on genus 
Pityrosporu.m lacked controls [13,15] and used crude sera 
[13,18,19] or crude antiglobulin fractions [15]. 
To investigate the a ntigenicity of Pityrosporum species fur-
ther antibodies to P. orbiculare, P. ovale, P. pachydermatis, 
a nd as control C. albicans were produced in rabbits. lgG 
fractions of the produced antibodies were isolated using affinity 
chromatography with Staphylococcus protein A-sepharose CL-
4B (S-p-A) [20,21). The relationship of the different antifunga l 
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Abbreviations: 
IIF: indirect immunofluorescence 
FTC: lluorescein isothiocyanate 
antisera and IgG fractions of t hese was s tudied using t he 
indirect immunofluorescence (IIF) technique . This technique 
was used on both Pityrosporu.m a nd C. atbicans cells from 
cultures and on skin sections from patients with tinea versico lor 
and healthy controls . 
MATERIALS AND METHODS 
Fungi for Jm.nwnization 
One isolate of P. orbiculare number 060/78, fTom om own colleclion, 
an isolate of P. oua.le 1452, from the American T ype Cul ture Collection, 
an isolate of P. pachydennatis l /79, from our own collection, and an 
isolate of C. albicans H 29, from the Insti tute of Bacte riology, Univer-
sity of Uppsala, Sweden, were used for the immunization ex periments. 
The Pityrosporwn species were classified as P. orbiculare, P. ovate, 
and P. pach.yderm.atis accord ing to the criteria mentioned by Sloof [1]. 
T hese are mainly based on micromorphology. All strains were con-
firm ed morphologically and in culture immediately before immuniza-
tion. The Pityrosporum species were grown at 37°C for 3 days on a 
medium containing neopeptone (Difco) 10 g/1, Bacto agar (Difco) 18 g/ 
l, glu cose 40 g/1, yeast extract (Difco) 0.1 g/1, glycerolmonostearate 2.5 
g/1, Tween 80 2 ml/1, and olive oil 20 ml/1; pH adjusted to 6.0. After 
autoclave sterilization chloramphenicol (50 mg/1) , genlamycin (100 mg/ 
l), and actad ione mixtw-e 1.25 ml/1 (0.5 g actadione, 2 ml acetone, and 
10 ml aqua dest) were added. C. albica.n.s was grown on Sabouraud's 
agar (Difco) at 37°C for 2 days. 
Fungi for Con trol 
ln order to try to produce hyphae P. orb icu /a.re and P. ovate were 
grown at 32°C on the filamentation medium according to Nazzaro 
Porro et al (12l For furth er control Sacha.romyces sleineri was grown 
on Sabouraud 's agar at 37°C for 2 days. 
Animals 
Twelve male New Zealand White rabbits weighing 3.2-3.8 kg were 
used for immunization. Four rabbit were inoculated with P. orbiculare, 
3 with P. ouale, 3 with P. pachydennatis, and 2 with C. albican.s. 
Immunization T echnique 
Pityrosporum an.tisem: The fungi were washed 3 times in phosphate 
buffered saline (PBS), pH 7.2, suspended at a concentration of 10" cells 
ml- ' and mixed with an equal volume of complete Freund's adjuvant. 
Of this mixture l.5 ml was administrated subcutaneously in each thigh. 
One month later the rabbits were given a booster dose intravenously of 
1 ml at a concentration of 10" cells ml- 1• The inoculation was repeated 
every 3 days with an increase of the dose by 0.5 ml each time until a 
final dose of 3.0 ml was given. On the 50th day the animals were 
exanguinated. 
C. albicans C/.ntisera: The procedure was the same as for Pityrospo-
rum. except that the initia l concentration was 107 cells ml- ' mixed with 
an equal volume of complete Freund's adj uvant given in the amount of 
l ml in each thigh. 
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Pu.ri{ical;ion of lgG with S -p -A: The purificatio n technique was that. 
described by Sjoquist et al [20] and Goding (21] with a few modifica-
tions. Protein A covalently coupled to sepharose CL-4B was supplied 
from Phannacia Fine Chemicals, Uppsala, Sweden. A K 16/20 column 
with an A 16 adaptor was packed with 20 ml of swollen protein A-
sepharose CL-4B gel. Before the serum was applied the column was 
washed with 200 ml of PBS, pH 7.2. Twenty- five ml of serum was 
applied and the column was washed with 200 ml of PBS, pH 7.2. 
Samples were taken from the wash fluid and concentrated in a Min icon 
B 15 concentrator (Amicon corporation, Lexington, Mass. , U.S.A.) The 
sample was then stored in a freezer at -70°C, in a ll iquots of 0.3 ml, 
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until use. Elu tion was done with 0.1 M glycine-HCl buffer, pH 3.0. 
Samples of 2-4 ml were taken and immediately investigated spectro-
fotometrically at 280 nm. After a maximum the absorbance fe ll rapidly 
and the elution was stopped when the absorbance was less than 0.02. 
The sample was then desalted in a cellulose sac against PBS, pH 7.2, 
for 48 hr. After desalting the sample was concentrated in a Minicon B 
15 concentrator. The sample was then stored in a freezer at -70°C in 
alliquots of 0.3 ml un til use. The pH of the column was restored to 
neutrality by washing with fu·st 200 ml 0.1 M Tris/ HCI buffer containing 
0.5 M NaCI, pH 8.5, and then by 200 ml 0.1 M sodium acetate buffer 
containing 0.5 M NaCI, pH 4.5. Finally the column was reeq uilebrated 
with PBS. 
The purity of the sample from both the wash fluid and the eluated 
material was tested with gel immunoelectrophoresis and quantitatively 
with electroimmunoassay ("rocket immunoelectrophoresis") [23]. 
!IF-technique on fungal cells from cultures: Cells of P. orbiculare, 
P. ovale, P. pachydennatis, C. albican.s, and S. steineri were washed 
3 times in PBS, smeared on nonfluorescent glass slides and air dried. 
The cells were incubated with antisera, antisera free from IgG, and IgG 
fractions in a moist chamber at room temperature, for 20 min. Varying 
dilutions of serum and IgG fra ctions were used. The slides were then 
washed in PBS. In a second step the slides were incubated with 
fluorescein isothiocyanate (FTC) labeled sheep anti1·abbit l g (National 
Bacteriological Laboratory, Stockholm, Sweden, lot SR 64 , BO ll , 
protein concentration 5.3 mg ml- 1) and FTC-labeled goat antirabbit 
IgG (Miles, U. K., lot S 731, protein concentrati.on 1.15 mg ml- 1) 
respectively, also for 20 m111 111 a motst chamber. After several washes 
in PBS, pH 7.2, the preparations were mounted in glycerol wi th 10% 
PBS and examined in a Zeiss fluorescence microscope with transient 
tight and equipped with a HB0-200 W / 4 lamp. . . 
Cells of all of the mvesttgated yeasts were applied to a ll o! the 
antisera and IgG fractions. The results were graded from+++ to+ / -
depending on intensity of fluorescence around the cells, where +++ 
indicated a brilliant fluorescence and+/ - an eq uivocal sta ining. 
Absorbtion test: P. orbicu.lare, P. ovale, P. pachydenna.tis, and C. 
albican.s antisera and IgG fractions were all absorbed wi th each of 
these yeast cells. For Pityrosporum, serum was diluted to 1 in 160 
before absorbtion and the final dilution was 1 in 320 and 1 in 640. lgG 
was diluted 1 in 400 before absorbtion and the fina l dilution was 1 in 
800 and 1 in 1600. For C. albica.ns serum was diluted to 1 in 40 before 
absorbtion and the fina l dilution was 1 in 80 and 1 in 160. IgG was 
diluted 1 in 40 before absorbtion and the final dilution was 1 in 80 and 
1 in 160. 
Controls for the study were as follows. 
1. The yeast cells a lone. 
2. Cells incubated with antiserum alone. 
3. Cells incubated with FTC-conjugated antirabbit Ig or FTC- la-
beled antirabbit lgG. 
4. Cells incubated with control serum from nonimmunized rabbits 
diluted 1 in 40, and afte rwards incubated with FTC-labeled anti1·abbit 
IgG. 
fiJi'-technique on shin sections: Biopsies were taken from lesions and 
normal skin in 7 patients with t inea versicolor, and also from normal 
skin of the back in 5 healthy volunteers. Sections of 6 tJ.m were cut on 
a cryostat from punch biopsies that had been quick-frozen in isopen-
thane. The air dried sections were incubated at room temperatu re for 
30 min with 50 ~tl portions of the diluted IgG fractions of a P. orb1:cu.lare 
antiserum. IgG frac tions of C. a.lbica.n.s antiserum and normal rabbit 
IgG serves as cont1·ols. T he protein concentration of the diluted IgG 
fract ions was 0.08 mg ml- 1 for P. orbicu.la.re and 0.06 mg ml - 1 for C. 
albica.ns. They were diluted in PBS, pH 7.2, containing 4% bovine 
serum albumin. After extensive washing in PBS the sections were 
incubated in a second step with FTC-labeled swine antirabb it IgG 
(Daco, lot 107, protein concentra tion 0.1 mg ml- 1) for another 30 min. 
After several washes in PBS the sections were mounted in glycerol with 
10% PBS and examined in a Leitz Orthoplan fluorescence microscope 
with incident light and blue narrow band activation. 
RESULTS 
The globulin fractions of a ntisera against P. orbiculare, P. 
a vale, P. pachydermatis, and C. albicans isolated by the S-p-A 
affinity chromatograph y were pure lgG. The fTactions from the 
wash fluid contai ned IgA a nd IgM. 
JIF- Technique on Fungal Cells from Cultures 
The final t itre reached for all Pityrosporwn yeasts was 1 in 
640 and for C. albicans 1 in 160. When both Pityrosporwn cells 
a nd C. albicans cells were mixed with theiJ· corresponding 
antisera a brilliant fluorescence was seen around the margins of 
the yeast cells (Fig l). No differences were observed in intensity 
of fluorescence, even in the highest dilution, when P. orbiculare 
and P. ovale antisera were incubated with P. orbiculare and P. 
ovale cells. When the same antisera were incubated with P. 
pachydermatis cells a slightly less brilliant reaction occw-red 
with dilution l in 320 but with dilution 1 in 640 only a equivocal 
reaction was seen indicating a difference in antigens. When P. 
orbicu.lare and P. a vale cells were mixed with P. pachydennatis 
antiserum a brilliant fluorescence was seen even in dilution lin 
640. C. albicans and S. steineri cells mixed with antisera from 
the Pityrosporum yeasts gave no fluorescence , and C. albicans 
antiserum did not react with the Pityrosporu.m cells. When lgG 
fractions ~ere used a more brilliant and specific fluorescence 
was present. The results with IgG fractions are shown in Table 
I. Cells incubated with the sera free from IgG and the controls 
showed no specific fluorescence . When P . orbiculare and P. 
ovale were grown on the filamentation medium according to 
Nazzaro Porro et al only shorter filaments were observed a nd 
only in 10-15% of the cells. No differences in flomescence were 
observed when these cells were used instead of yeast cells. 
The results of absorbtion of th e antisera are shown in Table 
II, for Pityrosporum in a dilution 1 in 320 and for C. albicans 
in a dilution 1 in 80. At a dilution l in 640 the Pityrosporwn 
sera absorbed with Pityrosporum cells did not stain. When 
Pityrosporu.m. antisera were absorbed with C. albicans cells 
a nd C. albicans a ntiserum with Pityrosporwn cells a brilliant 
fluorescence appeared in all of the dilutions tested. Again, with 
absorbtion of the lgG fraction, identical but more distinct 
results were 0btained (Table III). 
JIF-Technique on Skin Section s 
Fungal cells in the stratum corneum and in hail· follicles, in 
sections from lesions of tinea versicolor, showed a brillian t 
fluorescence with the IgG fractions of P. orbicu.lare antiserum 
(Fig 2) . No fungal cells were observed in skin sections from 
normal looking skin, from the back of patients and healthy 
Ftc l. Immunofluorescence of cultured cells of P£tyrosporum orbi-
cula.re after indirect staining with IgG fractions of a P. orb£culare 
an tiserum (reduced from X 500) . 
TABLE l. !gO antibodies produced after immuniza.tion of rabbits 
with cells ol P. orbiculare, P. ova.le, P. pachyderma/.is, and C. 
a.lbicans 
Fungal cells 
P. orbiculare 
P. ovale 
P. pa.chyderma.tis 
C. albica.ns 
Concemralion of 
lgG {mg ml - 1) 
0.04 and 0.08 
0.09 
0.06 
O.OG 
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controls, although it was possible to culture P. orbiculare from 
neighbouxing areas. On sections from tinea versicolor lesions an 
intermediru·y reaction was also seen with the lgG fraction of C. 
albicans antiserum. Normal rabbit lgG serving as a specificity 
control, gave no staining, but in tinea versicolor-lesions the 
fungal cells could be seen as faint red-yellow autofluorescent 
bodies in the stratum corneum. 
DISCUSSION 
Since Gordon in 1951 isolated and classified P. orbiculare as 
a new species of the genus Pityrosporum [2) the identity of this 
yeast and P. ovale has been discussed. There are many reports 
supporting both opinions [2,13,16,17,19), but in recent years 
most workers believe that P . orbiculare and P. ovale are 
identical [11 ,12,15), although final proof is lacking. In an earlier 
investigation we have succeded in producing identical experi-
mental infections in rabbits and humans with P. orbiculare and 
P. ovate thus supporting t he opinion that these yeasts are 
identical [22). 
In this investigation on smears fTom cultured cells, using the 
liP-technique, no antigenic differences were found in P. orbi-
culare and P. ovale. P . pachydermatis, the nonlipophilic mem-
ber of the genus Pityrosporum, showed, however, differences in 
antigenicity. The most specific staining was obtained with IgG 
fractions. In biopsies from tinea versicolor lesions a cross reac-
tion between the IgG fractions of antisera against P. orbiculare 
and C. albicans was observed. No cross reaction of these 
antisera was seen in smeru·s of cultured P. orbiculare cells. This 
difference may, according to Sohnle and Collins-Lech [24), 
reflect differences in antigenicity of the yeast form, seen in 
cultmes, and ftlamenteous forms seen in skin lesions. When P. 
orbiculare cells were grown on the filamentation medium ac-
cording to Nazzaro Porro et al [12) no cross reaction was seen, 
but h ere only shorter filaments were produced. 
This investigation, the identical experimental infections men-
tioned above [22), other immunological studies [13,15], and th e 
morphological similarities in the production of hyphae [12] 
strongly support the notion that P. orbiculare and P. a vale are 
one and the same organism. We are therefore in agreement 
with Salkin and Gordon [11], that P. orbiculare and P. ovale 
are identical and that the oval and globose forms represents 
different stages in a cell cycle. 
Pityrosporum species are similar to C. albicans in that phase 
conversion can be produced both in vitro and in vivo. In both 
cases the filamentous form dominates dming tissue invasion 
TABLE II. Immunofluorescence of sp ecific antisera absorbed with 
Pityrosporum and Candida a lbicans cells 
Antisera and smears" 
Absorbing cells P. orbic· P. pn.chy · 
ula.re · P. ovale d ermatis C. n.lbica.ns 
P . orbiculare +++ 
P. ovale +++ 
P. pachydermatis ++ ++ +++ 
C. albican.s +++ +++ +++ 
" In each case the specific absorbed antiserum was tes ted aga inst 
smears of specific ce lls . 
TABJ"E III. lmm.un.ofluorescence of sp ecifi c l gG-fra.ctions absorbed 
with Pityrosporum and Candida a lbicans cells 
lgG- f'racLions and smears" 
Absorbing cells P. orbic· P. po.chy · 
ulare P. ouale clenno.li t-> C. ct.lhic:an .... 
P. 01:biculare +++ 
P. ovale +++ 
P. pachydermatis ++ ++ +++ 
C. albicans +++ +++ + ++ 
"In each case the specific absorbed lgG-fractions was tested against 
smears of specific ce lls. 
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FIG 2. Immunofluorescence of sections from biopsies of tinea versi-
color a fter indirect staining with IgG fractions o r a P. orbiculare 
antiserum (reduced from X 320). 
and may be produced in vitro on special media [25,26]. It is 
then not surprising that the same species may produce spherical 
and oval forms. In comparison Trichophyton rubrum and T . 
mentagrophytes may have several different forms in vitro. In 
some cases it is difficult to find the differences between the 2 
species [26]. In vivo forms a lso differ from the in vitro forms 
[26]. Because of these conversions it may be difficult to apply 
experiments using artificial media on in vivo conditions. The 
growth phases may differ in several aspects such as antigenicity, 
metabolism, and sensitivity to antibiotics. 
The authors are indeptecl to Or_ Lars K lareskog for valuable advice 
a nd for help with purification of the IgG fractions of the antisera. We 
also wish to thank Dr. Klas Levin for help with the gel immunoelectro· 
phoresis and electroimmunoassay . For skilful technical assistance we 
wish to t hank: Lise-Lotte Gunnarsson, Eva Hagforsen, Anneli La ntz, 
a nd Birgitta Od!m. 
REFERENCES 
1. S loof WC: Genus Pityrosp orum., The Yeasts, ed 2. , Edited by J 
Lodder Amsterdam, London, North-H olland Publishing Com-
pany, 1971, pp 1167- 1187 
2. Gordon MA: Lipophilic yeastlike organisms associated wi th tinea 
versicolor. J Invest Dermatol 17:267-272, 1951. 
3. Noble WC, Sommerville DA: The fu ngal flora , chapter 11, Micro-
biology of human skin. Edited by W C Noble, DA Sommerville. 
London, Philadelphia, Toron to. WB Saunders Compa ny, vo l 2, 
1974, pp 206-210 
4. F aergemann J, Bernander S: Tinea vers icolor and Pityrosporwn 
orbiculare: A mycological investigation. Sabouraudia 17: 171-179, 
1979 
5. Burke HC: Tinea vers icolor: Susceptibil ity factors and experimental 
infections in human beings. J Invest Dermatol 36:389-402, 1961 
6. Faergemann J: Experimental tinea versicolo r in ra bbits and humans 
with Pityrosporum orbiculare. J Invest Dermatol 72:32G-329, 
1979 
7. Vanbreuseghem H, De Tiege R: Contribution a !'etude de pi ty rias is 
versicolor et de Pityrosporum ovale. Ann Soc Bel Med Trop 32: 
521 1952 
8. Acke;man AB, Kligman AM: Some observations on da ndruff. J Soc 
Cosmet Chem 20:81-101 , 1967 
9. Weru:y PE: Pityrosponun ovate: Observation on some aspects of 
host-parasite in terrelationship. Arch Dermatol 98:409-422, 1968 
10. Roberts SOB: Pityrosporum. orbiculare: Incidence and distribution 
on clinically normal skin. Br J D ermatol 81:264-2G9, 19G9 
ll. Salkin IF, Gordon MA: Polymorphism or Malassezia furfur. Can J 
Microbiol 23:471-475, 1977 
12. Porro MN, Passi S, CapriUi F, et al : Induction of hyphae in cul tures 
of Pttyro sporu.m by cholesterol and ch olesterol esters. J Invest 
o e·rmatol G9:531-534, 1977 
13. Alexander S: Loss of ha u· a nd da ndruff. Br J Dermatol 79:549-552, 
19G7 
14. Sohnle PG, Collins-Lech C: Cell-mediated immuni ty to Pityrospo-
nun orbiculare in tinea versicolor . J Clin Invest, G2:45-53, 1978 
15. Tanaka M, Imamura S: Immunological studies on Pityrosp orum 
genus and Malas~;ezia furfur. J Invest Derma tot 73:321-324 , 1979 
Jan. 1982 ANTIGENIC SIMILARITIES AND DIFFERENCES IN PITYROSPORUM 31 
16. 
17. 
18. 
19. 
20. 
21. 
Keddie FM, Barajas L: Quantitative ultrastructural variations be-
tween Pityrosporum ovale a nd P. orbiculare based on semi 
section electron microscopy. Inter J Dermatol 11:40-48, 1972 
Dorn M , Roehner t K: Dimorphism of Pityrospomm orbiculare in 
a defined cul ture mediUm. J Invest Dermatol 69:244-248, 1977 
Sternberg TH, K eddie FM: Immunofluorescence studies in tinea 
versicolor. Arch D ermatol 84:999-1003, 1961 
K eddie FM, S hadomy S: Etiological s ignificance of Pityrosporum 
orbiculare in tinea versicolor. Saboura udia 3:21-25, 1963 
Sjoqu ist J, Forsgren A, Gustafsson GT, Stilienheim G: Interaction 
between gamma globu lins a nd prote in A from Staphy lococcus 
aureus. Nobel symposium 3:341-348, 1967 
Goding JW: Use of Staphylococcal prote in Aas a n immunological 
reagen t. J Immunolog M eth 20:24 1-253, 1978 
22. 
23. 
24. 
25. 
26. 
Faergemann J , Fredriksson T: Experimental infections in rabbits 
and humans with Pityrosporum. orbiculare and P. ovale J Invest 
Dermatol, accepted for publication 
Ouchterlony b, Hilsson LA: Immunodiffusion and immunoelectro-
phoresis, Handbook of experimental immunology, ed 3. Ed ited 
by DM Weir Oxford, London, Edingburgh , M elboume. Blachwell 
Scientific publication, 1978, chap 19, 19.29-19.33 
Sohnle PG, Collins-Lech C: R elative antigenicity of P. orbicula.re 
and C. albicans. J Invest Dermatol 75:279-283, 1980 
Bernander S , Edebo L: Growth and phase conversion of Candida 
albicans in Dubos medium. Sabouraud.ia 7: 146-155, 1969 
Al-Doory Y: The dermatophytes a nd the yeasts in Al-Doory Y. 
Laboratory M edical Mycology, Philadelphia, Lea & Febiger, 
chapt 19 a nd 20, 1980, pp 219-241 a nd 246-269 
Announcement 
The Fourth Annual Westwood Western Conference on Clinical Dermatology will take place March 
4-7, 1982, at the Hyatt Del Monte in Monterey, California. For information and registration, contact 
Dermatology Educational Services, Post Office Box 4207, Kenmore, New York 14217, (716) 884-1758. 
